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Abstract: Transportation infrastructure plays a crucial role in economic development and significantly
influences climate change, providing direct and indirect benefits towards the attainment of Goals 8 and
13 of the United Nations Sustainable Development Goals (SDGs). This study investigates the impact
of railway infrastructure on the level of economic and environmental coordination development in the
Chengdu–Chongqing economic circle, using panel data from 16 cities spanning from 2010 to 2020. The
analysis employs a coupled coordination degree model and a panel fixed effects model. The findings
reveal a gradual increase in the level of economic and environmental coordination development in
each city during the study period. Notably, Chongqing and Chengdu exhibit significantly higher
levels compared to other cities. Railway infrastructure construction can significantly promote the
coordinated development of the urban economy and environment. In areas with a high level of
coordinated development of the economy and environment, the promoting effect is relatively small,
while in areas with a low level of coordinated development of the economy and environment, the
promoting effect is relatively large. Over the long term, railways continue to significantly promote
the coordinated development of the urban economy and environment. The construction of railways
can stimulate the development of the urban private economy and marketization, thereby facilitating
the coordinated development of the urban economy and environment.

Keywords: Chengdu–Chongqing economic circle; railway infrastructure; coupled coordination
degree model; economic and environmental coordination development; panel fixed effects model

1. Introduction

In today’s world, marked by rapid globalization and expanding industrialization,
urban agglomerations face both unprecedented challenges and opportunities. The bal-
ance between economic growth and environmental preservation has become a prominent
global concern, especially in many developing areas. In the pursuit of economic growth,
extensive resource extraction and energy consumption are often necessary, leading to envi-
ronmental pollution, ecosystem destruction, and resource depletion [1]. The worsening
of environmental pollution and resource depletion significantly impacts the sustainability
of economic development, creating a detrimental cycle [2]. Consequently, a close and
inseparable relationship exists between economic development and environmental pro-
tection. China’s modernization approach emphasizes creating a harmonious coexistence
between humans and nature, aiming to address the historical challenge of the conflict
between economic development and environmental protection [3]. This approach seeks
to establish a win–win coordination between economic development and environmental
protection. China prioritizes the coordinated development of the economy, society, and
resource environment, promoting concepts like ‘promoting coordinated development of the
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economy and the environment’ and ‘protecting the environment is essentially protecting
productivity’ [4]. By treating the economy and the environment as interconnected research
subjects and exploring pathways for their coordinated development, we can achieve a
mutually beneficial situation between economic growth and environmental protection.
Only by simultaneously prioritizing environmental protection, sustainable resource utiliza-
tion, and economic development can we ensure the long-term stability and prosperity of
human society.

In 2015, the United Nations established the 17 Sustainable Development Goals (SDGs)
in collaboration with 195 countries, marking it as the largest agreement ever reached [5].
The SDGs have garnered significant attention from scholars, with 65,433 papers indexed in
the Scopus database, of which 61,016 papers (93%) are related to these goals. Among these,
research on environmental science stands out prominently [6]. Addressing the challenge
of climate change is a crucial aspect of environmental policy agendas, with Goal 13, ‘Cli-
mate Action’, emphasizing the need for urgent measures to combat climate change and its
impacts [7]. This goal aligns directly with research on environmental science. Achieving
Goal 13 necessitates increased financial resources for renewable energy technologies and
the sustainable use of natural resources [8], which are intricately linked to urban economic
development. Moreover, studies have shown that each of the 17 SDGs has a complementary
impact on climate change [9]. Researchers have highlighted the benefits of implementing
comprehensive climate policies, as socioeconomic factors play a significant role [10]. This
theoretical framework supports the examination of the coordinated development of the
economy and environment. Goal 8, ‘Decent Work and Economic Growth’, focuses on
enhancing economic efficiency globally by creating job opportunities and fostering eco-
nomic prosperity to drive social progress and environmental sustainability [11]. This goal
provides an economic foundation and policy framework for the successful realization of
Goal 13.

In light of the Chinese government’s enduring dedication to sustainable develop-
ment as a critical national objective, the establishment and advancement of the Chengdu–
Chongqing economic circle emerges as notably significant. Encompassing Chengdu and
Chongqing, in addition to their neighboring areas in western China, this circular formation
not only plays a pivotal role in the overall strategy for the expansive growth of Western
China but also functions as an essential foundation and backing for the establishment of
the Yangtze River Economic Belt. Throughout the 14th Five-Year Plan timeframe, China
has prioritized the creation of an ecological civilization, setting the mitigation of carbon
emissions as a central strategic focus. This era is characterized by nationwide regulations
targeting pollution reduction and carbon emission mitigation coordination, along with the
encouragement of a comprehensive green overhaul of economic and societal advancement
with the aim of fundamentally enhancing the environmental quality and transitioning
from quantity-based growth to qualitative enhancement [12]. This strategic direction not
only demonstrates China’s proactive response to the global climate change challenge but
also showcases this country’s strong commitment and proactive efforts towards achieving
the sustainable development goals. In 2016, China’s National Development and Reform
Commission and the Ministry of Housing and Urban–Rural Development jointly issued
the “Development Plan for the Chengdu-Chongqing Urban Agglomeration,” specifying
that “by 2020, the Chengdu-Chongqing urban agglomeration should be basically built into
a national-level urban group with a vibrant economy, high quality of life, and beautiful
ecological environment.” As a growth point in the western region, this economic circle
not only bears the responsibility of promoting regional economic development but also
faces the challenge of protecting the environment and achieving green transformation
amidst rapid developments. Thus, in the process of realizing its own development, the
Chengdu–Chongqing economic circle is becoming an important demonstration area for the
national carbon reduction strategy and the advancement of ecological civilization construc-
tion, making it a research area that showcases the potential pathways for seeking balance
and coordination between economic growth and ecological environment protection. This
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contribution is crucial for the sustainable development of the region and offers valuable
insights for achieving Sustainable Development Goals 8 and 13.

Transportation planning plays a vital role in sustainable development [6]. It not only
supports economic growth but also contributes to reducing environmental impacts. Focus-
ing solely on the influence of transportation infrastructure on economic growth may neglect
its adverse effects on the environment. Therefore, it is crucial to comprehensively assess the
dual impact of transportation infrastructure on both the economy and the environment to
achieve coordinated development and realize the sustainable development goals. Neverthe-
less, the current research in this particular area does possess some limitations. Numerous
studies have primarily concentrated on the effects of railway construction on regional eco-
nomic growth or its influence on environmental conservation, with little exploration into
whether railway infrastructure could impact the internal harmonization of economic and
environmental aspects within urban agglomerations, as well as the underlying mechanisms
driving this process. As a result, this investigation presents a fresh perspective and in-depth
examination to comprehend the potential impact of railway infrastructure on advancing
the synchronized development of the economy and environment within urban clusters.
Through this study, our objective is to enhance the theoretical framework within the realms
of transportation, economy, and the environment and provide more precise and efficient
policy recommendations for practical implementation.

2. Literature Review

Limited research exists on the influence of transportation infrastructure on the coordi-
nated development of urban economies and environments. Prior studies have primarily
concentrated on either analyzing the effects of transportation infrastructure on economic
advancement or its impact on the ecosystem. Regarding economic advancement, certain
studies have directly investigated the correlation between transportation infrastructure and
regional economic growth. They posit that the construction of transportation infrastructure
significantly enhances local economic development [13–20]. Other research has indirectly
delved into the repercussions of transportation infrastructure on economic progression,
including its role in stimulating the upgrade of industrial structures [21], promoting indus-
trial agglomeration [22], supporting enterprise exports [23], and enhancing social welfare
standards [24,25]. These investigations offer valuable empirical data and theoretical in-
sights into the functions of transportation infrastructure in spurring economic growth
across different regions. The influence of transportation infrastructure construction on the
environment presents a dual perspective. On the one hand, the establishment and opera-
tion of transportation infrastructure yield detrimental consequences on the surrounding
ecosystem [26]. These repercussions encompass water and soil erosion, the destruction
of vegetation, and the disruption of terrains [27]. The construction of railways can also
have adverse effects on vegetation, permafrost layers, and land stability [28], leading to
water and soil erosion, the desertification of land, and the degradation of grasslands [29].
In contrast, the construction of transportation infrastructure can also yield favorable en-
vironmental outcomes. Investing in transportation infrastructure can enhance urban air
quality [30]. Rail transit alters personal travel choices, reducing car exhaust emissions and
easing traffic congestion [31]. Particularly, public transportation infrastructure, like rail
transit, effectively addresses haze issues [32]. Therefore, it is crucial to consider environ-
mental concerns when studying the impact of transportation infrastructure on economic
advancement, aiming for a balance between the economy and the environment to achieve
sustainable development. Railways, as a key part of a nation’s transportation infrastruc-
ture, play an essential role in promoting sustainable development [33]. Expanding rail
networks improves connections within and between urban areas, fostering regional eco-
nomic integration [34]. This speeds up resource and information flow, creating favorable
conditions for industrial upgrades and structural adjustments within urban areas [35].
Additionally, as a form of low-carbon transportation, rail transport helps reduce carbon
emissions and enhance environmental quality in urban areas [36]. When compared to road
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and air transportation, railways, especially electrified ones, have significantly lower carbon
emissions [37]. Acting as a low-carbon transport alternative, railways have a noticeable
impact on decreasing urban carbon emissions and enhancing environmental quality. Due
to their efficiency, low carbon footprint, sustainability, and profound effect on urban and
regional development, railway infrastructure emerges as a crucial area for research on the
coordinated growth of urban economies and the environment.

In order to evaluate how the construction of railway infrastructure influences the
joint economic and environmental advancement of cities, it is essential to initially assess
the degree of coordination in economic and environmental aspects across cities. In the
realm of integrated economic and environmental advancement, various researchers have
made significant contributions. They have employed diverse methodologies, such as
uncoupling [38], input–output [39], comprehensive assessments [40], and environmental
Kuznets curves [41], for their empirical investigations. Expanding upon previous studies,
the objective of this paper is to employ the coupling coordination degree model to quantify
the level of combined economic and environmental progression in different regions, thereby
exploring the influence of railway infrastructure on said coordination.

This study focuses on the Chengdu–Chongqing economic circle as the research area to
investigate how railway infrastructure impacts the coordinated development of the econ-
omy and environment. This research holds significance both theoretically and practically.
To begin with, the Chengdu–Chongqing economic circle stands out as a highly dynamic
and promising economic region in Western China. Analyzing the influence of its railway
infrastructure on the economy and environment is crucial for this region’s sustainable
development, offering valuable insights for China and the world. Additionally, while
existing research mainly examines the effects of railways on regional economic growth
or the environment, there is a lack of literature on their coordinated development. There-
fore, this study will help enhance the theoretical framework in transportation, economics,
and environmental studies. Furthermore, it aims to uncover the impacts and underlying
mechanisms of railway infrastructure on the coordinated development of the economy and
environment, thus providing more precise and effective policy recommendations.

3. Methodology
3.1. Study Area

Following the geographical partition outlined in the ‘Development Plan for the Eco-
nomic Circle of Chengdu-Chongqing’, released by the State Council of China in 2021, this
study chose a total of 16 cities at or above the prefectural level as the focus area. These cities
include Chongqing, Chengdu, Luzhou, Zigong, Mianyang, Deyang, Suining, Neijiang,
Nanchong, Leshan, Meishan, Guang’an, Yibin, Dazhou, Ziyang, and Ya’an.

3.2. Economic and Environmental Indicator System

Drawing on the research findings uncovered by Liu et al. [42], this study selected per
capita GDP, total import and export volume of foreign-invested enterprises, actual use of
foreign investment, and total retail sales of consumer goods, along with two indicators
of industrial rationalization and industrial upgrading, to reflect the economic structure.
Based on these indicators, the per capita disposable income of urban residents was also
included, making a total of seven indicators to reflect the economic development status of
various regions. Referencing the work of Zhou et al. [43], this study selected the volume
of wastewater discharge, sulfur dioxide emission volume, smoke (dust) emission volume,
solid waste utilization rate, centralized sewage treatment rate, harmless garbage disposal
rate, and green space area as indicators, along with the greening coverage rate of built-up
areas on top of these, totaling eight indicators to reflect the environmental development
status of various regions. The specific selection of indicators is shown in Table 1.
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Table 1. The construction of the economic and environmental index system.

System Indicator Unit Indicator Type

Economy

Per Capita GDP Yuan +
Level of Industrial Rationalization +

Index of Industrial Upgrading +
Ratio of Foreign Direct Investment (FDI) Enterprises’

Import and Export Value to GDP % +

Ratio of Actual Utilized Foreign Investment to GDP % +
Ratio of Total Retail Sales of Consumer Goods to GDP % +

Per Capita Disposable Income of Urban Residents Yuan +

Environment

Per Capita Wastewater Discharge Ton −
SO2 Emission per 10,000 People Ton −

Particulate Matter (PM) Emission per 10,000 People Ton −
Solid Waste Utilization Rate % +

Sewage Centralized Treatment Rate % +
Harmless Treatment Rate of Garbage % +
Per 10,000 People Green Space Area Hectare +

Green Coverage Rate of Built-up Areas % +

Economic indicators comprehensively reflect a region’s level of economic develop-
ment, industrial structure, openness to the external world, consumption capacity, and
residents’ living standards from various dimensions, allowing for a comprehensive and
scientific assessment and comparison of economic development conditions across different
regions. Environmental indicators extensively depict a region’s performance and effective-
ness in environmental protection, pollution control, resource utilization, and ecological
construction, enabling the effective evaluation of a region’s environmental status. The level
of industrial rationalization and the index of industrial upgrading were calculated using
the approach proposed by Fu Linghui [44].

3.3. Measurement
3.3.1. Dependent Variable

The dependent variable in this study is the level of coordinated development between
the economy and the environment (Lcd). Initially, the entropy weight technique is utilized
to allocate weights to the indicators within each system, evaluating the economic and
environmental development levels of cities. This approach determines the precise weights
of indicators by analyzing their information entropy, regardless of the dimensions and scales
of the indicators. Applicable to various types of indicators, the entropy weight method
can impartially demonstrate the importance of each indicator within the comprehensive
indicator framework. Subsequently, the coupling coordination model is employed to assess
the level of coordinated development between urban economy and the environment. The
specific calculation procedures are as follows:

Step 1: Data preprocessing.
When Xij is a positive indicator:

Zij =
Xij − minXij

maxXij − minXij
, i = 1, 2, . . . . . . , n; j = 1, 2, . . . . . . , m (1)

When Xij is a negative indicator:

Zij =
maxXij − Xij

maxXij − minXij
, i = 1, 2, . . . . . . , n; j = 1, 2, . . . . . . , m (2)

Step 2: Calculation of the economic and environmental development levels.
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Calculation of information entropy for each indicator:

pij =
Zij

n
∑

i=1
Zij

(3)

ej = − 1
ln n∑ pij ln pij (4)

Calculation of weights for each indicator:

Wj =

(
1 − ej

)
m
∑

j=1

(
1 − ej

) (5)

In Equations (1)–(5), Zij denotes the standardized value of the indicator; Xij denotes the
original value of the jth indicator in the ith year in each system; ej denotes the information
entropy value of the jth indicator; and Wj denotes the weight of the jth indicator.

The comprehensive scores for the economic and environmental systems (U1 and U2,
respectively), were calculated using the linear weighting method with the following equation:

U =
n

∑
j=1

WjZij (6)

Step 3: Measurement of the coordinated development level between the economy and
environment.

Calculation of coupling degree:

C = 2 ×
[

U1 × U2

(U1 + U2)
2

] 1
2

(7)

Calculation of the comprehensive coordination index:

T = aU1 + bU2 (8)

Calculation of coupling coordination degree:

D =
√

C × T (9)

In Equations (7)–(9), U1 denotes the level of order in the economic system; U2 denotes
the level of order in the environmental system; C denotes the coupling degree value; T
denotes the comprehensive coordination index; and a and b denote the relative status and
contribution of the economic and environmental systems, respectively. Considering that the
contribution degrees of the two are the same, a = b = 0.5 was taken. D denotes the coupling
coordination degree. According to Chen et al.’s method [45], scholars have categorized the
coupling coordination degree into 10 different levels, which can be seen in Table 2.

Table 2. Classification of coupling coordination degree.

Coupling Degree Coupling Degree Level Coupling Degree Coupling Degree Level

[0, 0.1) Extreme Imbalance [0.5, 0.6) Barely Coordinated
[0.1, 0.2) Severe Imbalance [0.6, 0.7) Primary Coordination
[0.2, 0.3) Moderate Imbalance [0.7, 0.8) Intermediate Coordination
[0.3, 0.4) Mild Imbalance [0.8, 0.9) Good Coordination
[0.4, 0.5) Approaching Imbalance [0.9, 1] High-quality Coordination
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3.3.2. Independent Variable

Railway density (Rd): Railway density refers to the ratio of railway route length to the
geographical area in a specific region or country [46]. A higher railway density indicates a
larger scale of the railway network and relatively dense railway routes, which can better
meet the travel and transportation needs of people. Railway density is used to represent
the level of development and construction of railway infrastructure [47].

3.3.3. Control Variables

Population density (Pd): Population density refers to the ratio of population quantity to
the geographical area in a specific region or country. It reflects the degree of population con-
centration in an area, i.e., the population quantity per unit area. Population density serves
as a measure of how densely populated a region is [48]. While population agglomeration
can stimulate regional economic growth, it can also lead to environmental strain.

Patents granted per 10,000 people (Pg): This metric signifies the ratio of granted
patents to the population within a specific region or country over a defined timeframe. It
reflects the achievements and capabilities of a region or country in terms of scientific and
technological innovation. Measuring technological innovation using the number of patent
grants is more scientific than using R&D expenditure, as patent grants reflect the actual
technological innovation capacity of regions more accurately than patent applications. The
innovation capacity of a region is represented by the number of patent grants per ten
thousand people [49].

Number of students enrolled in regular institutions of higher learning per 10,000 peo-
ple (Ns): This indicator refers to the quantity of students enrolled in regular higher learning
institutions per 10,000 inhabitants in a particular region or country. Education is a crucial
factor in regional economic development, and the number of students enrolled in regular
higher education institutions per ten thousand people acts as an educational benchmark
for the region [50].

Rural–urban Engel coefficient ratio (Ruecr): The rural–urban Engel coefficient ratio
illustrates the consumption structure disparity between rural and urban dwellers. By
examining this ratio, we can better comprehend the consumption variations between rural
and urban residents, aiding in policy development and fostering rural–urban growth.

3.3.4. Mechanism Variables

The level of employment in non-state-owned units (Pe) is a metric that shows the
percentage of non-state-owned units, such as companies or organizations, in the total
workforce of a particular region or nation. This measure offers insights into the growth of
the private sector and the degree of market integration.

3.4. Examination Statistic Models

In line with the methodology of Jin et al. [51], a model with fixed effects was chosen to
analyze how railway infrastructure impacts the synchronized advancement of the economy
and environment. This model was structured as follows:

ln Lcdki = α0 + α1 ln Rdki + α2 ln Pdki + α3Pgki + α4 ln Nski + α5Ruecrki + µk + εki (10)

In Equation (10), k represents cities; i represents years; Lcd is the dependent variable;
and Rd is the core explanatory variable. Pd, Pg, Ns, and Ruecr are control variables. a
represents the regression coefficients of the respective variables; µk represents the fixed
effects of provinces; and εki represents the random error term.

Moreover, to explore the influence of railway infrastructure on the growth and marke-
tization of the urban private sector, thus impacting the synchronized progress of the urban
economy and environment, we followed the research of Zhou and Li [52] and created the
model below based on Equation (10):

ln Lcdki = β0 + β1 ln Rdki + β3xcki + µk + εki (11)
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ln Lcdki = γ0 + γ1 ln Rdki + γ2Peki + γ3xcki + µk + εki (12)

In Equations (11) and (12), Pe represents the mediating mechanism variable, which is
the proportion of employment in non-state-owned units. β and γ represent the regression
coefficients. Equation (10) is the baseline model; Equation (11) is the estimation model for
the influence of the core explanatory variable on the mediating variable; and Equation (12)
is the estimation model that simultaneously considers the core explanatory variable and
the mediating variable. If a1 is significant, it suggests the presence of a mediating effect.
Furthermore, if both β1 and γ2 are significant, this indicates the existence of the mechanism
described in this study. To test the mediating effect, the estimated values of β1 and γ2 were
subjected to a Sobel test. If the Sobel test rejects the null hypothesis, it implies the proposed
mechanism in this study exists and is effective; otherwise, it is not supported.

3.5. Data Source

This study utilized data from a variety of sources, such as the “China Urban Statistical
Yearbook”, the “Sichuan Statistical Yearbook”, and the “Chongqing Statistical Yearbook”,
along with statistical bulletins from cities within the study area. To ensure the dataset’s com-
pleteness, missing data were filled in using the linear interpolation and nearest-neighbor
imputation methods.

4. Empirical Analysis
4.1. Temporal and Spatial Evolution of the Coordinated Development between the Economy
and Environment

Using the evaluation indicator system outlined in Table 1, this study calculated the
level of coordinated development between the economy and the environment for the
16 cities in the Chengdu–Chongqing economic circle from 2010 to 2020. The coupling
coordination degree model was employed for this purpose. Additionally, time series trend
charts (Figures 1 and 2) were created to depict the temporal evolution trend of this level.
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Based on Figure 1, the overall coordinated development level between the economy
and the environment within the Chengdu–Chongqing economic circle showed a steady
increase from 2010 to 2020. The level rose from 0.49 in 2011 to 0.64 in 2020, displaying
an average annual growth rate of 2.73%. In 2011, all cities reached an average level of
0.5 in coordinated development between the economy and the environment, marking the
beginning of marginal coordination. By 2018, the average coordinated development level
increased to 0.6, transitioning into the primary coordination stage. From 2010 to 2012, there
was rapid growth in the coordinated development level between the urban economy and
the environment. From 2012 to 2016, the growth rate slowed down, followed by a period of
relatively rapid growth from 2016 to 2019. The growth rate then slowed down, with minor
increases leading up to 2020.

As shown in Figure 2, between 2010 and 2020, Chengdu and Chongqing led in their
levels of coordinated economic and environmental development, with Chengdu surpassing
Chongqing and both cities significantly outpacing others. Beyond Chengdu and Chongqing,
the remaining cities exhibited coordination levels below 0.6, indicating a relatively lower
overall level of coordinated development. This discrepancy may result from uneven
resource distribution, insufficient policy support, and lagging infrastructure development
in these cities, which, in turn, affects their compatibility with the industrial transfer from
Chengdu and Chongqing. Moreover, these peripheral cities may also face environmental
pressures and resource bottlenecks during their economic development, contributing to
their lower levels of coordinated development compared to the “dual cores”.

4.2. Baseline Regression

Supported by the data and methods described in the previous sections, we established
a panel fixed effects model to estimate Equation (10). Considering that the level of coordi-
nated development between the economy and the environment ranges from zero to one,
we employed the Tobit regression model for robust estimations. The results are presented
in Table 3.
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Table 3. Baseline regression results.

Variable
Baseline Regression Tobit

M(1) M(2) M(3) M(4)

lnRd 0.232 *** 0.0705 ** 0.232 *** 0.0705 **
(0.0308) (0.0303) (0.0293) (0.0284)

lnPd −0.0663 ** −0.0663 **
(0.0329) (0.0309)

Pg 0.00808 *** 0.00808 ***
(0.00131) (0.00123)

lnNs 0.0694 *** 0.0694 ***
(0.0181) (0.0170)

Ruecr 0.125 ** 0.125 **
(0.0522) (0.0490)

Intercept 0.512 *** 0.436 *** 0.703 *** 0.602 ***
(0.00806) (0.102) (0.0169) (0.108)

City effect Yes Yes Yes Yes
Observations 176 176 176 176

R2 0.263 0.541
Note: Standard errors in parentheses, where *** p < 0.01 and ** p < 0.05.

In Table 3, models M(1) and M(2) represent the empirical results without and with
control variables, respectively. Models M(3) and M(4) correspond to the corresponding
Tobit regression results. From M(1) and M(2), it can be observed that the coefficient of
railway density significantly decreases when control variables are added. In M(1), the
railway density coefficient is 0.232, showing significance at a 1% level in the test. Upon
including control variables, the railway density coefficient changes to 0.0705, maintaining
significance at a 5% level. Additionally, the Tobit model’s regression coefficients closely
resemble the baseline model, indicating the robustness of the estimation results in this
research. These findings suggest that boosting railway density could effectively enhance
the harmonious development of the urban economy and the environment.

As for the variables under scrutiny, in the initial regression model, the coefficient asso-
ciated with lnPd stands at −0.0663, demonstrating statistical significance at a 5% threshold.
This signifies that a rise in population density exerts a detrimental influence on the sym-
biotic relationship between the urban economy and the environment. Conversely, the
coefficient linked to Pg is 0.00808, passing the significance test at a 1% level, indicating that
advancements in technological innovation capacity can enhance the synergy between the
local economy and the environment. The coefficient tied to lnNs is 0.0694, also passing
the significance test at a 1% level, elucidating that an elevation in educational attainment
significantly encourages the alignment of the local economy with environmental considera-
tions. Furthermore, the coefficient for Recr is 0.125, which passes the significance test at a
5% level. This underscores the notable impact of disparities in urban–rural consumption
patterns on the coordinated development between the urban economy and the environ-
ment, revealing a positive correlation between the Engel coefficient for urban–rural areas
and the harmonization of economic activities with environmental sustainability.

4.3. Robustness Test

In order to address potential issues related to endogeneity in the model, this study
utilizes two-stage least squares (2SLS) with instrumental variables including lagged railway
density from one period and two periods prior. The outcome of this analysis is detailed in
Table 4.



Sustainability 2024, 16, 3333 11 of 16

Table 4. Lag test and endogeneity test.

Lag 1 Period as the
Explanatory Variable

Lag 2 Period as the
Explanatory Variable

Lag 1 Period as the
Instrumental Variable

Lag 2 Period as the
Instrumental Variable

lnRd 0.0928 *** 0.113 ** 0.0740 ** 0.0641 *
(0.0293) (0.0495) (0.0314) (0.0355)

Intercept 0.464 *** 0.509 ***
(0.106) (0.113)

Control Yes Yes Yes Yes
City effect Yes Yes Yes Yes

Observations 160 144 160 144
R2 0.484 0.447 0.490 0.459

Note: Standard errors in parentheses, where *** p < 0.01, ** p < 0.05, and * p < 0.1.

Additionally, to assess the reliability of the regression findings, various methodologies
are applied for robustness testing. Initially, regression analysis is carried out using lagged
railway density from one period and two periods prior. Subsequently, the impact of outliers
is addressed by winsorizing railway density, as well as economic and environmental coor-
dination levels at the 1% and 99% thresholds, followed by regression analysis. Furthermore,
alternative estimation approaches are employed through panel quantile regressions at
the 0.1, 0.2, and 0.9 quantiles to explore the effects of railway density at varying levels of
coordination development. The detailed outcomes are provided in Tables 4 and 5.

Table 5. Truncated processing and quantile regression.

Truncation Handling τ = 0.1 τ = 0.2 τ = 0.9

lnRd 0.0727 ** 0.0822 ** 0.0830 ** 0.0442 *
(0.0303) (0.0318) (0.0336) (0.0260)

Intercept 0.606 *** 0.526 *** 0.533 *** 0.550 ***
(0.115) (0.121) (0.127) (0.0986)

Control Yes Yes Yes Yes
City effect Yes Yes Yes Yes

Observations 176 176 176 176
R2 0.909

Note: Standard errors in parentheses, where *** p < 0.01, ** p < 0.05, and * p < 0.1.

Based on the findings in Tables 4 and 5, it is evident that utilizing lagged one-period
and lagged two-period railway density as instrumental variables resulted in coefficients
of 0.0928 and 0.113, respectively. These coefficients are statistically significant at both the
1% and 5% levels. This shows that, even when addressing endogeneity concerns, railway
density continues to have a significant positive impact on the advancement of economic and
environmental coordination, thus underscoring the resilience of this study’s conclusions.
The coefficients of lagged one-period and lagged two-period railway density gradually
diminish and remain statistically significant at the 5% and 10% levels, respectively, point-
ing to the presence of delayed effects of railway density on economic and environmental
coordination development. Following the application of winsorizing, the positive signifi-
cance of the railway density coefficient persists, reinforcing the reliability of this study’s
findings. Moreover, in the outcomes of panel quantile regression, where quantile points
were established at 0.1 and 0.2, the coefficients of railway density were determined to be
0.0822 and 0.0830, respectively. These coefficients were statistically significant at the 5% and
10% levels. This indicates that in regions with lower levels of economic and environmen-
tal coordination development, railway density exerts a comparatively stronger influence
on the enhancement of coordination. Conversely, in regions with greater coordination
development, the impact of railway density on coordination progress is relatively modest.
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4.4. Long-Term Effects Analysis

Railway density can have a lasting impact on the development of economic and
environmental coordination. To account for the delayed impact of railway density, we
included the lagged-dependent variable, Lcd. Following the approach suggested by Quinn
and Toyoda [53] for testing long-term effects, we conducted our panel regression analysis
using the averages of two and three years for all variables. The findings are detailed in
Table 6.

Table 6. The results of mean reversion.

Lagged Cross-Dimensional Data (Lcd)

Baseline Regression Two-Year Mean Three-Year Mean

lnRd 0.0865 ** 0.0800 ** 0.0751 *
(0.0342) (0.0361) (0.0386)

Intercept 0.420 *** 0.449 *** 0.475 ***
(0.109) (0.117) (0.128)

Control Yes Yes Yes
City effect Yes Yes Yes

Observations 160 144 128
R2 0.420 0.422 0.433

Note: Standard errors in parentheses, where *** p < 0.01, ** p < 0.05, and * p < 0.1.

Our analysis of Table 6 revealed that the utilization of the lagged-dependent variable
Lcd resulted in significant coefficients for railway density in the baseline regression, two-
year average, and three-year average models, with values of 0.0865, 0.0800, and 0.751,
respectively, all of which were deemed statistically significant at the 5% threshold. These
findings suggest that the presence of railway infrastructure plays a crucial role in fostering
long-term economic and environmental coordination development.

4.5. Mechanism Test

The presence of railway infrastructure has the potential to influence the growth of
the private economy and the level of marketization within urban areas, thereby impacting
the overall coordination of economic and environmental dynamics. This study employed
both empirical data and a constructed model to explore and validate this hypothesis
(Equations (11) and (12)), as depicted in Table 7.

Table 7. The results of the mechanism test.

M(1) M(2) M(3)

Lcd Pe Lcd

lnRd 0.0705 ** 14.17 ** 0.0501 *
(0.0303) (6.590) (0.0293)

Pe 0.0014 ***
(0.0004)

Sobel test 0.020 *
Mechanism validity–positive transmission

Ind_eff test 0.0204 *
Indirect effect established

Control Yes Yes Yes
City effect Yes Yes Yes

Observations 176 176 176
R2 0.909 0.667 0.918

Note: Standard errors in parentheses, where *** p < 0.01, ** p < 0.05, and * p < 0.1.
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In Model M(3), the significance of the railway density’s coefficient is observed at
the 10% level, while the coefficient of Pe is significant at the 1% level. This suggests that
developing railway infrastructure can boost private sector growth and marketization in
urban areas, leading to a more harmonious economic and environmental development. The
Sobel test also supports the presence of a positive mediating process at the 10% significance
threshold. Railways, as an efficient means of transport, can enhance logistics efficiency,
lower logistics expenses for businesses, hasten goods circulation, and facilitate smooth and
convenient market transactions. The construction and development of railways can en-
hance logistics efficiency [54], expedite the movement of goods, and facilitate frequent and
convenient market transactions [55]. This, in turn, benefits private enterprises by aiding in
market expansion, boosting competitiveness, and driving economic growth. Moreover, the
enhancement and expansion of railway networks offer wider market access and resource
channels for enterprises, fostering both competition and collaboration among them and
facilitating the efficient allocation and optimization of resources [56]. The promotion of
marketization also encourages the optimization and upgrading of urban economic struc-
tures [57], leading to a reduction in resource wastage and environmental pollution [58,59],
ultimately achieving a balance between economic growth and environmental protection.

In conclusion, this study thoroughly investigates the impact mechanism of railway
density on the coordinated development of the urban economy and the environment
through benchmark regression, robustness tests, long-term effects analyses, and mecha-
nism examinations. Railways, as an efficient mode of transportation, play a crucial role
in improving urban logistics efficiency [54], reducing enterprise logistics costs [60], and
accelerating the circulation of goods. This, in turn, promotes frequent and convenient
market transactions [55], fostering urban economic development, enhancing industrial
competitiveness and efficiency, and facilitating trade and investment activities. The im-
proved transportation efficiency provided by railways accelerates commercial activities
and production processes in cities, offering reliable support for healthy economic growth.
Furthermore, the development of railway transportation helps reduce road traffic pres-
sure and alleviate traffic congestion and emissions, thus enhancing urban environmental
quality [31]. Compared to other transportation modes like cars and planes, railways have
lower energy consumption and emissions levels, demonstrating better environmental
performance [37]. The low-carbon characteristics of railway transportation make it a sus-
tainable transportation mode, contributing to the reduction in environmental pollution
and energy consumption [61]. By mitigating the negative impacts of transportation on the
environment, railway transportation creates a cleaner and more livable urban environment,
which is beneficial for residents’ health and quality of life. Additionally, the development
of railway transportation promotes regional integration and enhances resource allocation
efficiency between cities [34,55]. The expansion and improvement of railway networks
strengthen connections and cooperation among cities, fostering industrial synergies and
regional economic complementarity [62]. By enhancing communication and collaboration
among cities, railway transportation supports the optimization and upgrading of urban
economic structures [21,35], ultimately boosting overall economic strength and competi-
tiveness. Therefore, railway transportation provides robust support for urban sustainable
development, facilitating the benign interaction and sustainable development of the urban
economy and the environment.

5. Conclusions

The research in this paper is based on panel data that were collected from 16 cities
within the Chengdu–Chongqing economic circle in China during the period of 2010 to 2020.
It aims to analyze the influence of railway infrastructure on the synchronized progress
of both the urban economy and the environment using a panel fixed effects model. The
findings of this study are significant. Initially, over the course of 2010 to 2020, the over-
all trend in the level of synchronized economic and environmental development in the
Chengdu–Chongqing economic circle, which comprises 16 cities, showed an upward trajec-
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tory. Notably, Chongqing and Chengdu emerged as the leaders in this development, while
the other cities demonstrated relatively lower levels of synchronized progress. Additionally,
the expansion in railway density has played a crucial role in promoting the synchronized
development of urban economies and environments, a relationship that remained robust
even after conducting various tests to account for endogeneity. In regions where synchro-
nized economic and environmental development is more advanced, the impact of railway
infrastructure on this progress is modest, whereas in regions with lower levels of synchro-
nization, the impact is more pronounced. Furthermore, the long-term analysis shows that
the continuous increase in railway density significantly contributes to the synchronized
development of urban economies and environments. The establishment of railway infras-
tructure not only supports the growth of urban private economies and marketization but
also enhances the synchronization between urban economies and environments.

These findings indicate that the development and enhancement of railway infrastruc-
ture are essential in achieving a balance between economic growth and environmental
conservation. By fostering inclusive and sustainable economic development, railways
present viable solutions for urban economic transformation and environmental preser-
vation. The expansion of railway networks not only boosts urban economies but also
alleviates traffic congestion and emissions, leading to an enhancement in urban environ-
mental conditions. This integrated approach to economic and environmental progress
establishes a strong basis for urban sustainability and offers valuable insights for attaining
Sustainable Development Goals 8 and 13.
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